Abstract: Collimated outflows and jets play a critical role in shaping planetary nebulae (PNe), especially in the brief transition from a spherical AGB envelope to an aspherical PN, which is called the protoplanetary nebula (pPN) phase. We present UV observations of Hen 3-1475, a bipolar pPN with fast, highly collimated jets, obtained with STIS on board the Hubble Space Telescope (HST). The deep, low-dispersion spectroscopy enabled monochromatic imaging of Hen 3-1475 in different UV nebular emission lines; this is the first of such attempt ever conducted for a pPN. The northwest inner knot (NW1) is resolved into four components in Mg II λ2800. Through comparison analysis with the HST optical narrowband images obtained 6 yr earlier, we found that these components of NW1 hardly move, despite of a negative gradient of high radial velocities, from −1550 km s −1 on the innermost component to ∼−300 km s −1 on the outermost. These NW1 knot components might thus be quasi-stationary shocks near the tip of the conical outflow of Hen 3-1475.
Introduction
Hen 3-1475 (a.k.a., the "Garden Sprinkler Nebula"; also IRAS 17423-1755) is known to harbour very fast bipolar outflows [1] . Since its nature as a protoplanetary nebula (pPN) was settled, Hen 3-1475 has been imaged several times [2] [3] [4] [5] . It has a highly collimated bipolar structure with an S-shaped string of point-symmetric, [N II]-bright knots extending over ∼17 along the main axis (Figure 1 ). High-dispersion spectroscopy revealed high-velocity jets (1200 km s −1 , [4] ); ultra-fast (up to 2300 km s −1 ) winds was detected very close to the central star [6] . Extended (or diffuse) X-ray emission a signature of interactions of the fast and slow stellar winds. Hen 3-1475 is so far the only pPN where diffuse X-ray emission is detected [7] ; this X-ray emission mostly comes from its brightest NW1 1 knot, whose emission is shock excited [4, 8, 9] . Its fast outflows are being collimated into jets far away from the central star, through two inner cones (i.e., the limb-brightened edges of conical shocks; [3] ), but the collimation mechanism is not well understood. The shock effects of stellar wind interactions can also be traced by UV emission. IUE detection of UV emission lines in Hen 3-1475 was only marginal due to dust obscuration [10] . This proceeding paper reports the first UV spectroscopy of Hen 3-1475 with high spatial resolution.
STIS Observations and the UV Spectra
Long-slit UV spectra of • 65, along the nebular axis. All knots lie within the slit (Figure 1c ). The FUV spectrum was obtained with the first-order grating G140L (∼1150-1730 Å) and STIS/FUV-MAMA (0. 0246 pixel −1 ) at an exposure of 2800 s, and has a spectral resolution of R ∼1000-1440 with a dispersion of 0.6 Å pixel −1 . The NUV spectrum was obtained with the first-order grating G230L (∼1570-3180 Å) and STIS/NUV-MAMA (0. 0248 pixel −1 ) at an exposure of 2100 s, and has a spectral resolution of R ∼500-1010 with a 1.55 Å pixel −1 dispersion. The STIS observations were made in the TIME-TAG mode. Data were reduced and calibrated using the HST STIS pipeline, and are demonstrated in Figure 1a 
UV Morphology of Hen 3-1475
In the STIS low-dispersion UV spectra, the overall morphology of Hen 3-1475 as seen in the HST optical images is generally maintained in UV emission lines (Figure 1a,b) , especially in Mg II λ2800, the strongest emission line in our UV spectra, where the brightest region between the NW1 and SE1 knots are shown. We created UV monochromatic images by first carefully selecting and chopping from the STIS 2D spectrograms rectangular regions (centered on UV emission lines), and then registering them with the archival WFC3 F656N image (GO prop. 11580, PI: B. Balick); NW1 and SE1 are both seen in the UV spectral-line images and thus used as reference when aligning the chopped UV images with the WFC3 F656N image. The UV morphology of Hen 3-1475 was studied in Mg II λ2800, the brightest nebular emission line in the STIS UV spectra. The WFC3 narrowband filters F656N and F658N show the Hα and [N II] λ6583 emission, respectively, from the jets and knots in Hen 3-1475 that are presumably shock excited [4] .
Our HST STIS UV spectroscopy of Hen 3-1475, utilizing a broad (2 width) long slit that covers the whole object, follows essentially the same technique employed in the previous STIS optical slitless spectroscopy of the Magellanic Cloud PNe [11, 12] . In an optical slitless (or broad-slit) spectrum, the overall morphology of the target can be seen at different nebular emission lines; this is equivalent to monochromatic imaging of the target at individual emission lines. Our STIS UV low-dispersion spectra have the similar format, as the tilted nebular axis of Hen 3-1475 (with respect to the slit direction) that follows the optical image is also seen in the UV emission lines (see Figure 1a ,b), except that, as discussed in Section 4, the radial velocities of the jet in Hen 3-1475 are so high that some features along the jet are blueshifted with respect to their counterparts in the HST narrow-band images (see the description below and the discussion in Section 4).
In the Mg II λ2800 spectral-line image (Figure 1d ), the NW1 knot is resolved into four components, hereafter named A, B, C, and D from inside out (Figure 2, top) , with angular sizes of ∼0. 12-0. 14 along jet axis; in the other UV lines, generally fainter than Mg II, only B, C, and D are seen (Figure 1e-h) . The SE1 knot seen in the UV could be the counterpart of the outermost component D. The optical counterparts (in Hα) of the four UV components A, B, C, and D are located 2. 49, 2. 67, 2. 91, and 3. 30 from the central star, respectively. B, C, and D are "elongated" (in the dispersion direction) in the Mg II spectral-line image, which may be due to internal velocity gradients [4] ; this effect is obvious in B and C, which are compact in the Hα image. D comprises two subcomponents in Hα that are ∼0. 15 apart and stretch by 0. 32, similar to the size in the UV. The NW conical shock "converges" on A (Figure 2) , the most compact (radius∼0. 06) among the four NW1 components in the UV.
Along the dispersion direction of the STIS NUV spectrum, most of the components of the NW1 knot are displaced with respect to their optical counterparts, especially in Hα; we briefly discuss this in In the NUV spectrum, <2 from the central star, there are four "stripes" (or striations) that are more prominent near the red end of STIS NUV-MAMA (Figure 1b) . These striations are only detected in the NW lobe, and seem to spatially align with the optical features at corresponding locations: in Hα and [N II], the hollow U-shaped "bowls" near the nucleus of Hen 3-1475 also seem striated (Figure 1c) . 
Jet Kinematics and Preliminary Interpretation
In the slit direction (i.e., along the nebular axis of Hen 3-1475), positions of A, B, and C in Mg II λ2800 emission generally coincide with those of their counterparts in Hα (the WFC3 F656N image obtained in 2009). Along the dispersion direction (i.e., perpendicular to the long slit) of the STIS NUV spectrum, these three inner components of NW1 show noticeable blueward displacements with respect to their counterparts in Hα ( Figure 2 , top); these displacements are probably due to Doppler shift, given that the NW jet of Hen 3-1475 has high approaching radial velocities [4, 8] .
Compared to the Hα image, A, B, and C in Mg II emission are shifted blueward by −1550 ± 160, −1200 ± 330, and −1100 ± 400 km s −1 , respectively. The systemic radial velocity of Hen 3-1475 (+40 km s −1 , [4] ) is well within the velocity errors. At 2800 Å the kinematic resolution of the G230L grating is ∼310 km s −1 (as given by the STIS Instrument Handbook), which can be set as an upper-limit approaching speed of the outermost component D. Adopting this radial speed and the sky-projected velocity of D (∼280 km s −1 , see Section 3), we deduce a jet inclination (i, with respect to the line of sight) ≥42 • , which is consistent with the previous estimate of 40 • [4] . The radial velocities of A, B, C, and D of the NW1 knot generally follow a trend of negative gradient, as found in previous HST STIS G750M optical spectroscopy of the [N II] and Hα emission lines (in 1999; [4] ).
The unchanged (or very little changes in) radial positions and fast Doppler speeds of the NW1 knot components seem to resemble quasi-stationary shocks: A, B, C, and D may actually be shock interfaces where the outflowing gas moves through with high speeds, and have no (or very small) measurable proper motions; each of these clumpy shocks may brighten or fade in time owing to variations in density or speed of the gas flow. The negative radial velocity gradient in NW1 may then be explained as a series of speed losses of the (possibly unstable) flow as it propagates outward along the jet. This interpretation, although quite reasonable, is speculative and needs careful assessment with comprehensive hydrodynamic simulations.
A precessing jet model with a time-dependent ejection velocity was proposed to interpret the observed morphology and kinematics of Hen 3-1475 [13] ; but this model might still be ad hoc. The actual jet dynamics within the lobes could be more complex than previously anticipated. An investigation of the multi-epoch HST F658N images suggests that the outer knots (NW2/SE2 and NW3/SE3) of Hen 3-1475 may not be the radially fast-moving "bullets" as previously thought, but locally excited due to Kelvin-Helmholtz instabilities [14] . If this is true, then NW2/SE2 and NW3/SE3 are probably different from NW1/SE1 in terms of formation and excitation. Better understanding of the jets in Hen 3-1475 requires better modeling.
The simultaneous detection of X-ray, UV and optical emission suggests that the NW1 knots are cooling regions with strong temperature gradient. We also expect ionization stratification in NW1, i.e., Mg II and Hα may come from different regions. However, the UV components (at least, the innermost component A) of NW1 are spatially unresolved in our STIS UV monochromatic imaging, given that their angular sizes are comparable to the actual angular resolution of the STIS/NUV-MAMA detector (0. 06, as provided by the STIS Instrument Handbook); thus our comparison of the NW1 knot positions in Mg II and Hα is reasonable.
Summary and Conclusions
We report on monochromatic imaging of Hen 3-1475 in UV nebular emission lines obtained through the HST STIS UV long-slit spectroscopy; this is the first of such attempt ever made for a pPN in the UV. We analyzed the UV morphology of Hen 3-1475, in conjunction with the archival HST optical narrowband images. The high spatial resolution of our STIS imaging enables a very sharp view of the inner region of Hen 3-1475, especially the NW1 knot near the tip of the inner conical shock. The NW1 knot is clearly resolved into four components in the Mg II λ2800 line emission.
The four UV components of the NW1 knot are distributed roughly along the jet axis. Compared to their optical counterparts in Hα, the four components of NW1 are mostly blueshifted in the Mg II spectral-line image, probably due to their high (approaching) radial velocities, from −1550 km s −1 on the innermost component to ∼−300 km s −1 on the outermost one. Despite of their high Doppler speeds, these components of NW1 show no obvious proper motions compared to previous HST imaging, indicating that they might be quasi-stationary shocks where fast gas flows through. 
